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Abstract 
The development of a country in terms of infrastructure and economic consequences of increasing energy consumption in 
society. Government’s burden in supplying electricity for people must be addressed with appropriate and long term action, and 
the development of energy village can be a choice which should be taken. First step of this development is modeling of energy 
village which many aspects should be considered. With establishment of energy village,  not only benefit in terms of burden of 
government in the provision of energy distribution, also economic and social also come up then Indonesia has become energy 
independent country. 
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1. Introduction 
Consequences of developing countries to developed countries is increasing economic activity in country. 
Indonesia in particular, the average value of economic growth is 6.1% per year from 1971 to 2008 with GDP per 
capita of about U.S. $ 2,850 in 2010 [1,2]. Even last data that can be collected, the value of economic growth per 
first quarter in 2013, reached 6,02% and U.S. $ 3,556 for GDP per capita in 2012 [3,4]. In addition, Indonesia is the 
state that has a population of around 230 million [5]. 
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This leads to increased energy consumption to meet daily needs. Energy recognized as is, instant and essential 
input for socio-economic development [6,7]. Primary energy consumption has increased by more than 50 percent 
from 2000 to 2010. However, oil production, which still supports the majority its energy needs in Indonesia, has 
dropped from a peak production of 1.6 million barrels per day to just 861,000 barrels per day in 2012. At the same 
time, proven reserves declined by more than 1.9 billion barrels since 1992 [8], which is the sharpest decline in Asia. 
Indonesia, with a wealth of natural energy resources, is still far from securing its future energy security. Dependence 
on oil and fossils fuels have an impact on the fulfillment of the energy supply. Shown in the table 1 of oil production 
[9] has declined from year to year. So that the burden of government in providing energy also increases. Without a 
good energy supply strategy, which encourages an activity for developing countries especially in economic sector’s 
stability will be disturbed. 
Therefore, it is necessary long-term strategic plan and contains elements of sustainable development for the 
fulfillment of the energy distribution in rural area. One of the plans that can be taken is the development of energy 
village. 
The focus of this paper is to present the design models of energy village that can be taken. Also, aspects that 
should be taken when selecting the model of energy village. 
Table 1. Oil production (in thousand barrels). 
Year Oil Condensate Total 
2004 353,945 46,541 400,486 
2005 341,203 46,450 387,654 
2006 322,350 44,699 367,050 
2007 305,137 43,211 348,348 
2008 312,484 45,016 357,500 
2009 301,663 44,650 346,313 
2010 300,923 43,965 344,888 
2011 289,899 39,350 329,249 
2012 279,412 35,254 314,666 
2.  Material and method 











Fig.1. Distribution share of final energy consumption by region. 
 
From this picture looks, energy consumption is centered in island of Java, where the center of economic activity 
runs. This leads inequality for remote areas difficult to develop, because the energy supply is not sufficient. In fact, 
energy is one of the vital need to support all human activities. 
 The principal energy activities are utilized by households residing in rural can be categorized into a) cooking 
and heating b) lighting, power for mobile phone recharging, other media and information technologies such as radio 
and television c) agro-processing and/or pumping d) transportation [11,12].  
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x Limitation for their fuel options 
The inhabitants are only able to buy only small amounts of fuel when money is available to do so. This means 
that paraffin more viable fuel than LPG because it is possible to buy it in small amounts. It also implies that 
the cheapest fuel is often bough, regardless of the harmful health effect it may have. 
 
x Limited expendable income to buy appliances 
Energy using appliances often require significant capital outlay relative to the household income. Thus, even if 
electricity were to become available, most households may not be able to use their electricity because a lack of 
electrical appliances. 
 
From the problems was described above, the design of the model village will need to be things which can’t be 
denied. The planning for energy village development requires a model which should represent from system estate to 
be built, in this case the target villages, because when modeling for low-income households. 
Thus, energy village models are useful, as they depict understand. These models can be used to perform a 
comprehensive calculation and system analyzes. Energy model also had to strike a balance between a set of energy 
sources and conversion technologies with energy needs in an optimal state. 
 
2.1 Design and model of energy village 
 
In the design of an energy village, requires the model. The model is used as a framework which must be 
arranged to resemble the target villages that will be built. Models can also be used as a template for establishing data 
collection. Designing a model of energy village can be divided into several types, they are: 
 
x Optimization model 
Optimization models are prescriptive rather than descriptive and tell the user how to make the best of a 
given situation in relation to a predefined goal. The optimization model has a goal or an objective to 
representation a function usually referred to as an objective function that is to be maximized according to 
given alternatives and the imposed constrains. Optimization models are useful in situation when the problem 
is to choose the best from a set of well defined alternatives [14]. 
 
x Decentralized energy model 
The energy-planning endeavor involves finding a set of sources and conversion devices so as to meet the 
energy requirements/demands of all the tasks in an optimal manner. This optimality depends on the objective; 
such as to minimize the total annual costs of energy or minimization of non-local resources or maximization 
of system overall efficiency. Factors such as availability of resources in the region, task energy requirements 
impose constraints on the regional energy planning exercise. Thus, the Decentralized Energy Planning (DEP) 
turns out to be a constrained optimization problem. DEP models is being developed to assist policy makers 
and planners at district and state lavel in evaluating energy policies and develop ecologically sound, 
sustainable energy plans. Energy availability and demand situation may be projected for various scenarios 
(base case scenario, high-energy intensity, and transformation, state-growth scenarios) in order to get a 
glimpse of future patterns and asses the likely impacts of energy policies. 
 
x Energy and environmental planning 
The environmental consideration in energy planning would include local environmental factors such as 
land degradation, loss of forests, indoor air pollution and global environmental factors such as GHG 
emissions and loss of biodiversity. Energy and environmental analysis is a method to evaluate the utility of 
energy and resulting emissions through all the materials and processes used to build and use any system over 
its entire life and also to demolish it at the end of life. Thus it can be described as a macroscopic exercise 
used for conducting futuristic studies through dynamic assessment of the defined reference energy system 
comprising of many alternatives and constraints. Energy planning at the village level need an integrated 
ecological, economic, and social model to assist sustainable rural development [15]. 
 
 Doddy Dirgantara Putra and Irma Lelawati /  Energy Procedia  47 ( 2014 )  76 – 84 79
 
x Energy-Economic Model 
The main concept of energy-economic models is outlined in Fig. 2. There are two vectors, energy demand 
and supply, respectively. Each of these signals has two major factors such as energy quantity and energy 
price. But in dealing with and energy-economic model for policies and global warming issues, multi-
disciplinary fields - energy, economy, and the environtment should be expressed as model components (Fig. 
3). Technological innovations and efficiency improvements are factors that should also be included for this 
model. Top-down and bottom-up models are the two basic approaches to examine the linkages between the 
economy and the energy system. Top-down moels evaluate the system from aggregate economic variables, 
whereas bottom-up models consider technological options or project-spesific climate change mitigation 
policies. The differences between their results are rooted in a complex interplay among the differences in 








Fig. 3.  Component of energy-economic model. 
 
2.2 Renewable energy potential 
 
 Geothermal 
Geothermal energy is the energy contained as heat in the Earth's interior from inside of earth which has 
transferred to surface earth by heat conduction from sources occurs through the rock and convection occurs 
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due to contact between the water with a heat source which can be used continuously for heating and electricity 
generation [17]. Geothermal energy distribution potencies by region will be shown in Table 2 and 3. 
 




 Speculative Hypothetic 
Sumatra 4975 2121 
Java 1960 1771 
Bali-Nusa Tenggara 410 359 
Sulawesi 1000 92 
Maluku 595 37 
Kalimantan 45 - 
Papua 75 - 
Total 9060 4380 
 
Table 3. Geothermal energy distribution potencies by region. 
Area 
 
Resouce (MW)  
 Probable Possible Proven 
Sumatra 5845 15 380 
Java 3265 885 1815 
Bali-Nusa Tenggara 973 - 15 
Sulawesi 982 150 78 
Maluku 327 - - 
Kalimantan - - - 
Papua - - - 
Total 11392 1050 2288 
 
 Biogas 
Biomass is natural energy source, mostly coming from agriculture crops and residues, forest waste, 
commodities of plantation, and animal waste. Biomass is the only one of the renewable energy, which can be 
used to produce three kinds of fuel, liquid, solid and gas fuels. Table 4 will figure out about potential biogas 
energy [18]. 
 
Table 4. Biogas energy potential in each province. 
Province Biogas potential (MW) 
East Java 125.9 
Central Java 63 
NTT 56.7 
Aceh 46.8 
North Sumatra 42.7 
South Sulawesi 28.8 
West Java 40.1 
Bali 32 
NTB 28.2 
South Sumatra 26.8 
West Sumatra, Province of Central 
Sulawesi, West Kalimantan, North 
Sulawesi, Lampung, and Southeast 
Sulawesi 
10-19 
Other provinces <10 
 
 Wind 
Wind energy is considered as one of green power technologies since it produces no air pollutans or 
greenhouse gas and contributes minor impact toward the environment [19]. Wind energy is the conversion of 
wind speed into a useful form of energy such as generating electricity, wind mills for mechanical power, wind 
pump for pumping water or sails to ships [20]. The Sumba’s wind energy mapping is given in Fig. 4 [21]. 
 Solar 
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Indonesia is a tropical country and located in the equator line, the country has an abundant potential of 
solar energy. Most of Indonesian areas get a quite intense of solar radiation with the average daily radiation 
approximately around 4 kWh/m2. 
For Indonesia which has so many small and isolated islands where electricity demand is quite low, photo-
voltaic solar energy system may be used to fulfill power demand in rural areas including lighting for public 

















Fig. 4. Sumba’s wind energy mapping 
3. Result and discussion 
In the construction of the village takes appropriate planning, based on good system, in this case the system is 
the village model, so it is necessary to consider from various disciplines, such as: engineering, economic, social, and 
policy. Finally, sustainable development useful for advancement of village life. 
 After the study of literature, the process of designing the model requires several steps, such as: 
 
x  The selection of the area development 
It become the first and fundamental step for the next step in this project. Because each region has problems 
and challenges respectively, so the approach taken is different.  
Definition of targets has to be iterated with the following stage of defining an implementation schedule. 
Overall effects of the measures defined in the Plan may not lead necessarily to the exact targets defined, which 
must be revised when a realistic schedule is prepared [22]. 
 
x The collection of information 
Conceptually, this step aims to obtain activity patterns of people, natural resources owned, demand / supply 
of energy, so we can investigate the characteristics of the area.  
 
The collection of information is also useful to estimate the environmental impact of the specific forms and 
amounts of energy used. 
Two methods of collecting data: (i) surveys of households, and (ii) a technique known as conditional demand 
analysis (CDA), which relies on electric usage data for electrified villages and then employs statistical 
techniques to estimate total demand for different energy service. However, the spesific weakness in available 
surveys include [23] : 
 Lack of disaggregated data on the major energy uses—cooking, space heating, and water heating— 
including duration, time-of-day and fuel used per task. 
 No data on “hire purchase” (rental, leasing, collective purchase) arrangements for capital-intensive energy-
using appliances. 
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 Failure to integrate modeling and data collection activities, with the result that neither is tuned to the 
opportunities and limitations of the other. 
 Lack of information needed to compute statistical uncertainty, which contributes to the larger problem in 
energy modeling: the failure to treath uncertainties that propagate through models in a systematic manner 
 Embedding of energy surveys within larger surveys that covered many other topics, with the result that 
energy-speciﬁc questions may be few in number, and data useful for energy modeling (e.g., fuel per task) 
may need to be computed from other secondary and often subjective statistics that are of  interest to the 
organization conducting the survey  (e.g., fraction of household income devoted to energy purchases). 
 
x Modeling process 
Modeling process is a step to make a design from data that have been obtained. Starting from the view of 
how society in terms of energy demand / supply and the technology used based on life in the survey that was 
conducted. After that, we try to give alternative energy options for these activities, such as renewable energy 
suitable and available for the area, so we can utilize the energy potential has not been maximized and explored 
to support energy needs for the community. Example of case that have been successful in utilizing the potential 
of the region for the fulfillment of the energy needs for the community, such as [24] : 
Case study: NTT (East Nusa Tenggara) 
In Indonesia, The energy requirements, especially electrical energy is being more needed and being 
unseparated things from daily requirements of modern society. As one of sources of alternative energy that 
environmental friendly, wind could be used to complete the requirement of electrical energy. But, not all area in 
Indonesia has a potential sources especially wind energy that can be used as a source to complete the 
requirement society about electrical energy. East Nusa Tenggara (NTT) as a part district of Sulawesi Islands has 
a potential natural resource that can be used as a Alternative Energy to help their society getting another source 
in wish to complete their requirement about electrical energy.  
This Research, is meaning to study Potential wind energy in NTT that can be used as an alternative energy.  
The effective of wind power is got with use HAWT 3 blades of turbine. For the Waingapu and Kupang, the 
effective of wind power is more than 1800 kW on 50 m HAG. For the Lekunik and Tardamu, the effective of 
wind power is more than 70 kW on 24 m HAG. For north of NTT, the effective of wind power is 5 kW on 24 m 
HAG, except Mali station. For the Mali station, the effective of wind power is more than 90 kW on 35 m HAG.  
After modeling concepts and cases have been described, there is a simulation tool that can be used in 
modeling the energy village, which has been used in previous studies [25]. The modeling tool is 
MARKAL/TIMES. MARKAL and TIMES were both developed by the International Energy Agency’s Energy 
Technology Systems Analysis Programme (ET-SAP).  
TIMES model—an extension of the widely applied MARKAL energy modeling system. TIMES is a multi-
period least-cost linear program optimization model that supports rich detail on technology  cost and 
performance and assumes perfect foresight by gents. It evaluates energy and technology choices evenhandedly 
based upon total lifetime costs of the competing alternatives, taking into consideration  onstraints imposed on 
the system (e.g., limits on resource availability and potential market penetration of technologies, emission caps). 
With this tool, we can adjust the conditions or scenarios that have been developed to prepare the village 
development process, based on important things such as, energy demand, energy supply technology, and energy 
supply. The result will be obtained a reference energy system for the area. 
 
x Analysis 
Determination of energy village model development from the results requires several aspects that should be 
considered, such as: 
 Time and cost of development  
 Level of technological detail that used in model village development must be clear and accurate. 
 Ability to model non-economic instruments. 
 Ability to analyse different types of cost including investor, social, and consumer has a percent different 
payments. 
 Adaptability to new tasks:  Local human resources should have skills to implement model energy village. 
 Modularity and transparency of structure. 
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 Accuracy of representation of non CO2   greenhouse gasses. 
 Currency and accuracy of information including cost and performance. 
 


































Fig. 6 is an example of the results of the recommendations have been developed in previous studies. With this 
result, the fulfillment of the energy and technology can be a guideline to daily life for society. 
 
x Implementation schedule 
The definition of an implementation schedule is a critical activity because its result is the reference for 
implementation: it contains information on the starting time and pace of implementation of each measure, also 
quantifying the desired penetration and expected impacts in terms of energy consumption and environment. 
4. Conclusion 
Developing energy village, requires systematic and suitable modeling for each region. In the selection of the 
model was also necessary aspects requires that should be considered. Modeling must explore potential of the village, 
especially energy source. Modeling is very useful as a basis for determining the beginning of the next step, 
development plans, and policy support. Finally, the development of village should not stop at the discourse, concrete 
steps that need to be done as early as possible. 
Fig. 6. Reference energy system for non-electrified community. 
84   Doddy Dirgantara Putra and Irma Lelawati /  Energy Procedia  47 ( 2014 )  76 – 84 
Acknowledgements 
Alhamdulillahi rabbil ‘alamin, We express highest gratitude to Allah subhanahu wa ta’ala for blessing, love, 
opportunity, health, and mercy to complete this paper. We proudly dedicate this paper to our beloved parents, who 
had provided support and pray, until we complete this paper. We also would like to thank to LPKTA FT UGM 
(Institute of Applied Research and Engineering Studies), Faculty of Engineering, Universitas Gadjah Mada, without 
experience, training and support, we cannot forget the contribution to support complete this paper. 
Reference 
[1] Ministry of Energy and Mineral Resources. Statistik Minyak Bumi.pdf. Available from 
http://prokum.esdm.go.id/Publikasi/Statistik/Statistik%20Minyak%20Bumi.pdf 
[2] Ibrahim HD, Thaib NM,  Abdul Wahid LM. Indonesia energy scenario to 2050: Projection of consumption, supply option and primary 
energy mix scenarios. Indonesia; 2010. 
[3] BPS (Central Bureau of Statistics). Economic growth in Indonesia quarter I; 2013. Available from 
http://www.bps.go.id/brs_file/pdb_06mei13.pdf 
[4] World Bank. Indonesia; 2013. Available from http://data.worldbank.org/country/indonesia 
[5] BPS (Central Bureau of Statistics). Indonesian population census 2010; 2010 Available from http://sp2010.bps.go.id/ 
[6] Davidson O, Sokona Y. A new sustainable energy path for African development. Energy and Development Research Centre (EDRC), 
Cape Town, South Africa. Environmental Action in the Third World (ENDA), Dakar, Senegal; 2002. 
[7] Johansson BT, Goldemberg J. Energy for sustainable development : A policy agenda. International Institute for Industrial Environmental 
Economics (IIIEE), Lund, Sweden. International Energy Initiative (IEI), Cape Town, South Africa. United Nations Development 
Programme (UNDP), New York; 2002. 
[8] Agustiawan K. Indonesia and energy security; 2013. Available from http://www.pertamina.com/NewsPageDetail.aspx?id=865 
[9] Adkins E, Kristine O, Modi V. Rural household energy consumption in the millenium village in Sub Saharan Africa. Energy for 
Sustainable Development 2012; 16(3):249-259. 
[10] Ministry of Energy and Mineral Resources. Handbook of energy and economic statistic of Indonesia; 2010. 
[11] Williams T.  Energy supply options for low income urban households. South Africa: Energy for Development Research Centre; 1994. 
[12] Hasan MH, Mahlia TMI, Nur H. A review on energy scenario and sustainable energy in Indonesia. Renewable and Sustainable Energy 
Review 2012; 16(4):2316-2328. 
[13] Jebaraj S, Iniyan S. A review of energy models. Renewable and Sustainable Energy Reviews 2006; 10(4):281–311. 
[14] Hiremath RB, Shikha S, Ravidranath NH. Decentralized energy planning; modeling and application – a review. Renewable and 
Sustainable Energy Review 2007;11(4):729-752. 
[15] Biswas WK, Bryce P, Diesendorf M. Model for empowering rural poor through renewable energy technologies in Bangladesh. 
Environment Science Policy 2001; 4(6):333-44. 
[16] Nakata T. Energy economic models and the environment. Progress in Energy and Combustion Science 2004; 30(4):417-475. 
[17] Sahin AS, Yazici H. Thermodynamic evaluation of the Afyon geothermal district heating system by using neural network and neuro fuzzy.  
Journal of Volcanology and Geothermal Research 2012; 233-234:65-71. 
[18] Energy Reviewer. Indonesia energy outlook & statistic 2006. University of Indonesia; 2006. 
[19] Sopian MYOK, Yatim B, Daud RW. Future directions in Malaysian environment friendly renewable energy technologies research and 
development. ISESCO, Science and Technology Vision 2005; 1:30-6. 
[20] Holtitinentt. Design and operation of power system with large amounts of wind power. In: Global Wind Power Conference. Adelaide, 
Australia; 2009. 
[21] Global Energy World Institute. Wind energy potential in Indonesia; 2009.  Available from  
http://www.geni.org/globalenergy/library/renewableenergy-resources/world/asia/wind-asia/wind-indonesia.shtml 
[22] Gomes AM, Figueiredo R, Coelho D, Sousa JLD. Energy planning in urban historical centres a methodological approach with a case-
study. Energy Policy 1998; 26(15):1153-1165. 
[23] Howells MI, Alfstad T, Victor DG, Goldstein G, Remme U. A model of household energy services in a low income rural African village. 
Energy Policy 2005; 33(14):1833-1851. 
[24] Mulyati. Study of wind energy potential of Indonesia (case study in South East Nusa). Bandung: Central Library Institute Technology 
Bandung; 2008. 
[25] Howells MI, Alfstad T, Cross N, Jeftha LC. Rural Energy Modelling.pdf; 2002. Available from 
http://www.sei.irk.ru/symp2010/en/papers/ENG/P3-04e.pdf  
 
 
 
